Section of Psychiatry SPERMATOGENESIS. I have examined sections of a series of testes from the following cases and Plates II, III and IV with the descriptions summarize the histological changes I have observed.
(1) Normal, in which death resulted from shock caused by severe injuries (fig. 1 , Plate II). It will be observed that the heads of the spermatozoa are uniformly stained and uniform in size and the spermatocytes all show nuclearskeins; there is no thickening of the basement membrane.
(2) Section of testis of No. 6, Table I , Part I. Section of the tubule in which the earliest changes can be observed. In many of the tubules these changes would not be found. Compared with the normal many of the heads of the spermatozoa are imperfectly stained, they are not of uniform shape and size; the tails are imperfectly formed and fewer spermatocytes show the nuclear skein; the basement membrane shows some thickening (vide fig. 2 , Plate II). This change in the spermatozoa was observed also by the haematoxylin-eosin method of staining (vide photomicrograph, fig. 4 ).
(3) Section of testis of No. 8, Table I . Section of a tubule in which early changes can be observed in the spermatozoa similar to the previous one but rather more marked (vide fig. 3 , Plate II). It will be observed that the testes in both these cases were of fair weight and the duration of time in asylum was under two years and showed first stage of regressive atrophy.
(4) Section of testis of No. 5, Table I , second stage of regressive atrophy. Some few tubules showed spermatogenesis but the great majority showed absence of spermatogenesis; formation of spermatids were found in some tubules, in others no heterotypical mitosis (vide fig. 4 , Plate II).
(5) Section of testis of No. 15, Table I , third stage of regressive atrophy; no spermatozoa; no evidence of heterotypical mitosis, great thickening of basement membrane and overgrowth of fibroblasts (vide fig. 5 , Plate II).
(6) Section of testes of No. 12, Table I , third stage of regressive atrophy.
Great deficiency of nuclear stainable substance, absence of heterotypical mitosis, great increase of interstitial tissue and thickening of basement mem-brane (vide fig. 6 , Plate II). It will be observed by reference to the table that in these cases the weights, of the testes correspond fairly well to the three stages of regressive atrophy of the organs. The results in the main confirm the findings obtained by Sir Frederick Mott by the methods he employed.
INTERSTITIAL TISSUE.
Examination of the interstitial tissue by the Del Rio-Hortega method. The normal case showed the following appearances. Single polyhedral cells with cytoplasm fairly deeply stained containing a round nucleus with deep chromatin staining and three crystals in the cell. A less well stained syncytium with six nuclei, each having a fairly well stained chiomatin network. Within the syncytium of cells are seven varied sized crystals (vide E, Plate III). These were not seen in the pathological condition of the testis.
Section of testis No. 5, Table I , shows a syncytium of cells with fibrous tissue between and two nuclei of fibroblasts. The nuclei are pale and, excepting the nucleolus which is not observable in the normal interstitial cells, hardly take the stain. The cytoplasm is faintly stained in parts of the cells (vide F, Plate III). Section of testis of No. 15, Table I Table I) .
A group of vacuolated interstitial cells, B, Plate III, showing nearly normal staining nuclei, some pigment granules (Case 14, Table I ).
Three sets of vacuolated cells, one forming a syncytium by the vacuolation: C, Plate II, nuclei round but paler than normal; the other pairs of cells show pigment granules in the cytoplasm (Case 9, Table I ).
Three cells from a surgical case, D, Plate III, showing vacuoles at the periphery of the cell, no pigmentation although obtained from a man in the prime of life.
Magnification oil immersion lens and No. 4 ocular.
INTERSTITIAL CELLS. Examination of Hematoxylin-eosin Preparations.
(1) Section of testes of a man, aged 81, suffering with senile dementia referred to in Part I. On the left a portion of tubule is shown exhibiting spermatogenesis with normal stained heads of spermatozoa, the basement membrane of this tubule and the adjacent one, which shows normal staining spermatogonia and spermatocytes, is thickened by an increase of fibroblasts. Above is an isolated small interstitial cell and above this a group forming a syncytium by vacuolation, the nuclei of normal shape and staining; one cell contains pigment granules (vide fig. 1 , Plate IV).
(2) Section of testis of normal case dying of s-hock described in Part I showing abundance of normal interstitial cells lying between the tubules. They are most of them mature and contain a good amount of eosin staining substance although the vacuolation would show that for the most part they contained lipoid. There are three young cells lying together showing no vacuolation (vide fig. 2 , Plate IV).
(3) Section of testis of a case of juvenile tabo-paralysis. Spermatozoa were found in the vesiculm living eight hours after death. Mpst of the tubules showed normal active spermatogenesis. There was some thickening of basement membrane of tubules; this is seen in the tubule on the right by the increase of fibroblast nuclei. There are abundant normal interstitial cells which are visible as eosin-stained clumps with a low power. The nuclei are well stained and there are no fibroblast nuclei intervening (vide fig. 3 , Plate IV). This should be compared with the next figure (4).
(4) Section of testis from Case 19, Table I . Observe the great fibroblast nuclear proliferation of the basement membrane upon which lies only a syncytium of Sertoli cells. The interstitial tissue consists of a very vacuolated syncytium of cells with pale nuclei of irregular form and size. The elongated more deeply stained nuclei are the nuclei of intervening fibroblasts (vide fig. 4 , Plate IV). SUMMARY OF THE LITERATURE. OF THE INTERSTITIAI CELL.
The Interstitial Cell. The interstitial cell consists of a more or less eccentrically placed mass of condensed granular cytoplasm containing a nucleus; the peripheral portion of the cell may however be extensively vacuolated. Von Lenhossek has in con- Section of Psychiatry 19 sequence applied the terms "endoplasm" and "ectoplasm." This typical structure is not found in all the cells but all gradations may be observed from cells whose bodies are composed entirely of " endoplasm " to those in which it is reduced to a remnant in the immediate vicinity of the nucleus. Plato regards these vacuolated forms as old cells, the opposite extreme being youthful forms; however their presence is restricted to a very few animals, if indeed it is not limited to man. They were found by Ganfini only in man. Whitehead, in a long series of mammals, also found them only in man.
Nothing is known about their chemical composition and their inconstancy gives them little importance. But it has been pointed out in Part I that there is a correspondence of vacuolation and lipoid in the cells. Specific Granules.-Regand describes certain secretory vesicles in the rats' testicles fixed in Tellyesniczky's fluid (equal parts of 3 per cent. sol. potassium bichromate and 5 per cent. acetic acid). With many methyl blue-eosins they stain red; they are brought up well by iron haematoxylin, although the best is the Reinke's neutral gentian as modified by Dersley. In such *preparations the majority of the interstitial cells contain definite granules, one or two microns in diameter, often in clusters. They lie for the most part in the peripheral portion of the cells but may be found anywhere in the cytoplasm. Each granule is contained in a distinct vacuole (thin sections). In the case of cells which contain many fat globules they and their granules must lie in the same vacuoles. The staining reactions of these granules and their resistancy to acetic acid call to mind the zymogen granules of the pancreas. On the other hand, the reaction for prozymogen, which usually can be obtained in cells which produce zymogen, could not be obtained. But, without any reference to their chemical nature, we may regard the granules as an internal secretion of the interstitial cells.
The interstitial cells appear long before the epithelium of the tubules have become active. Addison Thornton states that vital staining with trypan blue reveals two types of cells in the internal structure of the testis. One is elongated in the form of fibroblast, while the other is rounded or polyhedral in shape. Both types, according to the definition of Evans, are to be considered as macrophages and are not, as Goldmann interpreted them to be, identical with the interstitial cells of Leydig which represent the testicular organ of internal secretion. The vital staining with counterstain make it possible to differentiate between the interstitial cells and the macrophages.
Pigment.
-" This is not present in any of my material (man, cat, opossum, pig, rabbit, dog, sheep, bull, grey squirrel and rat) and accordingly is not a constant content of the interstitial cells." Sehrt, who has made the latest study of its nature, finds that it is fatty, staining well with Sudan III in frozen sections and faintly even in material that has been treated with alcohol. He considers it to be a waste pigment.
Crystalloids.-The discovery by Reinke in 1896 of crystalloids in the interstitial cells of an executed criminal aroused considerable interest at first and his findings were confirmed by Lenhossek and others. It soon became evident, however, that their presence is restricted to a very few animals, if, indeed it is not limited to man; they were found by Ganfini and by myself only in man. I shall content myself with simply noting their inconstancy.
Fu,nction.-Plato held that it was the function of the interstitial cells to act as nurse cells, passing their fat and pigment through minute canals in the walls of the tubules to be received by the Sertoli cells and there used as pabulum in the formation of spermatozoa. His theory was supported in some measure by Friedman and von Lenhossek but no one has been able to confirm his statements as to the existence of canals in the walls of the tubules and the passage of fat through them. Indeed the presence of fat in the lymphatics of the testicle would indicate that the flow of fat is away from the tubules, while Ganfini thinks that this appearance is a secretory phenomenon unconnected with the production of fat. The analogy with what has been observed in various gland cells is certainly very suggestive of secretory function, but probably the activity of the cells is not limited to the formation of fat. It should be stated that the vacuoles are not always so smooth and regularly circular; frequently they are large, irregularly shaped cavities with more or less ragged margins, doubtless the result of the breaking down of the partitions between adjacent vacuoles. It is hardly necessary to add that the demonstration of the structure of the interstitial cells require fresh tissue and good fixation. Moreover the study of the development of the interstitial cells in different animals has shown us that frequently fat is present in the tubular epithelium before it appears in the interstitial cells and that in the pigmented cells it is never present in any but the minutest amount. Finally, as Ganfini has pointed out, in undescended testes, where the Leydig cells are usually typically developed and numerous, the tubular epithelium is undeveloped or atrophied and subsequently no spermatozoa are formed.
Ganfini believes that the fat itself is the internal secretion of the cells and is poured into the general circulation through the lymphatics. He bases his opinion upon the fact that fat is found in the lymphatics leaving the testis and that the fat in the cells is in the form of more or less discrete droplets rather than in large drops as in the ordinary adipose cells and consequently is no ordinary fat.
BIBLIOGRAPHY. ANCEL ET BOuIN, Comptes Renducs Acad. des Sci., 1903, cxxxvii, No. 26; 1904, (1) Reduction in the quantity of water-soluble vitamine in the diet of rats results in total degeneration of all the germ cells, but does not interfere with growth and development in other respects; the Sertoli cells persist.
(2) In the male this atrophy of germ cells is accompanied by hypertrophy of the interstitial tissue.
(3) The type of degeneration in the male germ cells is similar to that produced by X-ray treatment of the testis directly.
at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Section of Psychiatry 21 (4) A similar degeneration of the germ cells has been observed in a group of rats, part of which were subjected to prolonged alcoholization. The degeneration was found to a less extent in all Put one of their five brothers not alcoholized. In this group hypertrophy of the interstitial tissue was not observed.
(5) Examination of this degenerated tissue and more careful study of normal, well-fixed tissue, confirms Regand's conclusions that the Sertoli cells form a syncytium.
(6) The nucleolus of the Sertoli cells under these degenerated conditions appears to be an equally bipartite instead of, as normally, an unequally bipartite body. (7) The interstitial tissue is much increased in quantity in the rats put upon a reduced water-soluble vitamine."
McCarrison, " Studies in Deficiency Disease," 1921, p. 139:-" One of the most remarkable results of foods deficient in vitamines is the constant and very pronounced atrophy of the testicles. It occurs in extreme degree, whether the dietary is exclusively composed of autoclaved rice or whether butter and onions are added; in the latter circumstances the atrophy is slightly less extreme. It appears then to be one of the most specific of the effects of avitaminosis in pigeons. . . Histological examination shows a, complete cessation of the function of spermatogenesis. The capsule of the organ and the intertubular trabeculae are greatly thickened; the diameter of the tubules is lessened; spermatozoa, spermatids, and spermatocytes are wholly absent. The tubules are lined by a single but often incomplete layer of cells which still preserve, in a considerable proportion of their numbers, nuclei which, from their appearance and staining reactions, seem capable of regeneration." iHoulbert, Paris M6dical, December, 1913:-" Vitamine and Growth. "Experiments in chickens showed that when they were deprived of vitamines in their food the birds showed an arrest of growth and of the development of the secondary sexual characters (spurs, comb and tail feathers), and progressive anwmia. One bird killed on the fourteenth day, and on post-mortem examination was found to be in a state of extreme inanition. All organs appeared normal except the testes, which were very small, and on histological examination showed an arrest of the cellular divisions and metamorphoses which normally occurs in the seminal tubules. The interstitial cells of the testes showed a very pronounced infiltration of pigment, which as Bouin and Ancel have shown, occurs in the interstitial cells of glands whose endocrine glands are in decline. (1) The interstitial cells prior to birth act as sexual determinants, and at birth form the greater part of the interstitial tissue which constitutes the major part of the testes (vide fig. 1 ). They contain lipoid granules. Moreover fine lipoid granules are seen between the embryonic epithelial cells of the tubules.
(2) The interstitial cells after birth undergo a regressive atrophy and disappear; inasmuch as the seminiferous tubules at four months are twice the size of those at birth and are approximated, it follows that the fine. lipoid granules which are found between the epithelial cells, have, in all probability, served as a pabulum for their formative activity. But since there is still lipoid in the residual interstitial cells (vide fig. 2 ), this correlation of function of the interstitial cells and the epithelial formative activity has not ceased, and it is reasonable to assume that had the child been 6 months old at death, it would have ceased and no lipoid would have been found anywhere and the following facts support this conclusion. At 10 years the tubuli seminiferi are for the most part approximated and as a rule are only a little larger than those at 4 months; there is no lipoid in the interstitial tissue, or in the tubules.
There are occasionally to be seen mitotic figures as if spermatocytes were commenicing to be formed, but no Sertoli cells are observable. In the interstitial tissue are seen numbers of oval, round and polymorphic nuclei, not nuclei of fibroblasts, and occasionally a definite small polygonal cell, eosin stained, can be seen, indicating that pari passt with the tubular epithelial formative activity there is a reappearance of the interstitial cells.
(3) The appearances of these immature interstitial cells resemble in many respects the appearances presented by the interstitial cells in advanced cases of dementia praecox (ride fig. 3 , Plate I).
(4) At puberty and adolescence the tubules have increased in size owing to active proliferation and sperniatogenesis. Abundance of mature interstitial cells are present (vide fig. 1 , Plate I), which are undergoing active functional change; they contain lipoid, and lie upon a lymphatic space which surrounds the tubule. Reasons are given why it maybe assumed that this lipoid substance passes through the basement membrane to the Sertoli cells which contain fine lipoid granules and serve as nurse cells to the spermatozoa.
(5) Microscopic appearances indicate the continuous development of new interstitial cells which mature, actively function and decay. They are present in extreme old age (vide fig. 1 , Plate IV) and sometimes when spermatogenesis has ceased.
-(6) The microscopic examination of the testes of twenty-seven cases of dementia praecox, all commencing in prepubertal, pubertal, or adolescent stages, are described together with the age of admission and duration of asylum treatment, and age at death with cause of death and principal mental diagnostic conditions are given in Table I. (7) It may be noted that a number of cases died of pulmonary tuberculosis, but a number died of acute disease, e.g., pneumonia and dysentery and after a few days or a week or two of illness. The microscopic conditions did not differ essentially from those dying of pulmonary tuberculosis. In some there was no history of masturbation, whereas in others there was definite information, but the microscopic examination did not reveal any difference. Section of Psychiatry 23 (8) The regressive atrophy found microscopically corresponded, generally speaking but not always, with the loss of weight of the testes and the naked eye appearances. As a rule the longer the duration of the mental symptoms the more pronounced was the atrophy, but duration of asylum treatment does not strictly connote the length of duration of symptoms.
(9) The regressive atrophy, as determined by microscopic examination, has led me (F. W. M.) to divide the cases into three groups. The first stage, in which the changes indicate the formation of normal and degenerate spermatozoa (vide fig. 4 and figs. 2 and 3, Plate II) and commencing failure in the formation of normal interstitial cells and by special staining an increase of interstitial fibroblasts. In the second staye there is, in addition, an obvious shrinkage of many of the tubules, increase of fibroblasts, thickening of basement membrane and failure of spermatogenesis. The mature interstitial cells are fewer in number and there are numbers of immature cells with pale nuclei deficient in chromatin (vide fig. 3 , Plate I, figs. F and G, Plate III, and fig. 4 , Plate IV).
In the third stage the tubules either show no spermatogenesis, or only a few tubules relatively show some spermatozoa, some being degenerate; there is a failure of formative nuclear activity and many or (in advanced cases) all the tubules consist only of a very thickened basement membrane lined by Sertoli cells. These cells usually contain lipoid granules in the syncytium, and when this occurs there is lipoid in the interstitial tissue and cells. This indicates that the essential feature of the atrophy is a primary germinal defect.
(10) In seven of the cases of dementia pracox a pigmentary deposit was found in the interstitial cells (vide fig. 4 , Plate I) which is not seen in normal conditions except in old age, and therefore may be regarded as evidence of presenile change.
(11) Table III gives a summary of results obtained in nine cases of psychoses other than dementia prscox, death occurring in post-adolescence. It will be observed that similar appearances of regressive atrophy of the testes occur in many of these as are found in dementia pracox. Three cases of manic-depressive insanity without symptoms of dementia showed normal active spermatogenesis, but apparently a diminution of normal interstitial cells, although death occurred in two of them from pulmonary tuberculosis. In a case of alcoholic dementia, aged 65, the interstitial cells were fairly normal although there was absence of spermatogenesis; the cause of death may account for this.
(12) There are' four cases in Table IV in which symptoms of dementia praecox came on in post-adolescence and all of these showed marked regressive atrophic changes of the tubules and the interstitial cells similar to those observed in cases commencing in early life (vide fig. 4 , Plate I).
A recurrent manic-depressive insanity may terminate in dementia, e.g., No. 6, Table III , and then regressive atrophic changes are found exactly similar to those met with in dementia proecox. Otherwise manic-depressive insanity does not show these regressive atrophic changes in the testes. It will be interesting to see whether there are changes in the brain corresponding to those I have described in dementia praecox in these cases.
(13) As a contrast to these regressive atrophic changes occurring in the biogenetic psychoses are the changes in the testes of cases of general paralysisan acquired disease. Whereas in the former the atrophy is primary and affects more or less the whole organ, in the latter it is secondary to inflammatory changes in the epididymis, either gonorrhceal or syphilitic, and causing a complete disappearance of the epithelium of the tubules by obstruction of the 24 Mott and Such: Dementia Precox vasa efferentia. The result is local patches of dense fibrous tissue affecting especially one testis, sometimes both. In the immediate neighbourhood are tubules showing normal active spermatogenesis and Leydig's cells. Not infrequently amidst the atrophied tubules consisting only of thickened basement membrane are seen nodules and groups of fairly normal interstitial cells.
In spite of this secondary atrophy which affects the testes of so many paralytics, the average weight of the pair after removal of the tunica vaginalis and epididymis is 8 grm. heavier than the testes of cases of dementia praecox. Whereas in the great majority of cases of dementia precox an emulsion of the testes showed no spermatozoa, the converse was found in general paralysis.
(14) Previous studies show that the changes in the reproductive organs is a part of a generalized germinal defect of durability and vital energy of the whole body most manifest in the brain, especially the cortex, and the reproductive organs. 
